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CHAPTER ONE 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background of the Project 
 
 
 Electrical discharge machining, commonly known as EDM, is a process that 
is used to remove metal through the action of an electrical discharge of short duration 
and high current density between the tool and the workpiece. There are no physical 
cutting forces between the tool and the workpiece involved. EDM has proved 
valuable especially in the machining of super-tough, electrically conductive materials 
such as the new space-age alloys. It can be used to produce parts with intricate shape 
that is impossible when using conventional cutting tools.  
 
This machining process is continually finding further applications in the 
metal machining industry. It is being used extensively in the plastic industry to 
produce cavities of almost any shape in metal moulds. Other applications are also 
included such as producing critical parts for aerospace, electronics and medical 
industries [1-2]. Although the application of EDM is limited to the machining of 
electrically conductive workpiece materials, the process has the capability to cut 
these materials regardless of their hardness or toughness. 
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 In this research, tungsten carbide is chosen to be the work material. Tungsten 
carbide (WC-Co) is an important material for tool and dies mostly because of its high 
hardness, strength and wear resistance over a wide range of temperature. It has high 
specific strength and cannot be fabricated easily by conventional machining 
techniques. Literature reports indicated that EDM can be successfully applied to a 
single-phase ceramics, cermets and ceramic-matrix composites, as far as they exhibit 
an electrical resistivity lower than values between 100 and 300Ω.cm [3]. Since EDM 
has been shown to be a versatile method for machining difficult-to-work materials 
and suitable in conforming WC-Co cemented carbides, therefore EDM process is 
chosen as a method to machine tungsten carbide in this study. 
 
 Although many studies have been conducted on EDM of tungsten carbide [1-
4], investigations on the surface integrity on the tungsten carbide are still lacking. 
Hence, this study was attempts to investigate the effect of wire EDM parameters on 
the surface integrity of tungsten carbide, namely the surface finish, thickness of 
recast layer and over-cut of the wire electrode. The main focus in this study is on 
micro-crack formation. The machining parameters are the input parameters of EDM 
process, namely voltage, peak current, pulse duration and interval time, which is 
believed have great influence to EDMed surface. Classical Design of Experiment 
(DOE) is used to investigate the effect of machining variables and to establish the 
relationship of certain responses. 
 
 
1.2 Problem Statement 
 
 
 During the EDM process, both the workpiece and the tool undergo surface 
modification. Many researchers [5-14] have looked at the modification of steel 
workpieces, but few have examined the modification of the tungsten carbide 
materials. The plasticity of tungsten carbide is high and in comparison with steel, its 
modulus of elasticity is three times greater. Its hardness is greater than that of steel, 
even in very extreme conditions it does not make noticeable changes at high 
temperature [15].  
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 However, the problem in machining tungsten carbide with WEDM is 
difficulty in achieving high accuracy and high productivity with minimum surface 
damage. This is due to large number of variables and uncertain nature of the process. 
Although most of WEDM equipment nowadays has advanced process control, 
selecting and maintaining optimal settings is still an extremely difficult job to do [1]. 
The lack of machinability data on the conventional as well as advanced materials, 
precise gap monitoring devices and an adaptive control strategy that accounts for the 
time-variant and stochastic nature of the process are the main obstacles toward 
achieving the ultimate goal of unmanned WEDM operation [16]. Former researchers 
claimed that during machining tungsten carbide, the microstructure of EDMed 
surface varies significantly under different peak current and pulse duration [17]. It is 
also reported that even for the cases where optimum surface conditions are achieved, 
EDM of tungsten carbide usually induces cracks and relevant residual stresses within 
a thermally affected zone (recast layer and adjacent regions) beneath the shaped 
surface [18]. Accordingly, about 70% of the punches used within dies for production 
of high quality are made of carbide (WC-Co) material [19]. These punches usually 
require high dimensional accuracy and excellent surface finish that is difficult to 
produce using WEDM process. 
 
 Therefore, there is a need to understand the important parameters that greatly 
influence surface integrity when machining tungsten carbide using WEDM. As such, 
it is the aim of this work to investigate the correlation between the EDM machining 
parameters and surface integrity including micro-cracks, recast layer and surface 
finish. In addition, the influence of machining parameters on the spark gap during 
WEDM process also will be observed. The Classical Design of Experiment (DOE) 
technique will be employed as the methodology since this approach is powerful in 
providing various information of machining process.  
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1.3 Objective 
 
 
 The objectives of this research are: 
 
 1. To evaluate the performance of WEDM on tungsten carbide (WC) 
with respect to various responses such as surface integrity of the 
machined surface, sparking gap and cutting speed. 
 2. To establish mathematical model for all responses involved which are 
sparking gap, recast layer, surface finish, cutting speed and 
microcracks of the tungsten carbide during WEDM. 
 3. Full factorial method from DOE used in order to analyze and 
determine global solutions for optimal cutting parameters of WEDM 
operation. 
 
 
1.4 Scope 
 
 
 The scope of this research consists of: 
 
1. Machining tungsten carbide (work material) with brass wire using 
WEDM machine. 
2. Surface integrity to be investigated includes surface finish, micro-
cracks and thickness of recast layer. 
 3. Parameters to be studied include voltage, peak current, pulse duration 
  and interval time. 
 4. Scanning Electron Microscope (SEM) will be use to evaluate the  
  micro-cracks presence and thickness of recast layer. 
5. The Classical DOE and analysis of variance (ANOVA) method will 
be processed using Design Expert software version 6.0.8. 
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1.5 Expected Results 
 
 
 The expected result from this study is to obtain the optimum conditions in 
various situations in WEDM using brass wire for machining tungsten carbide. The 
detail results and discussions of the effect of machining parameters on the 
microstructure of the machined surface such as the presence of micro-cracks and the 
depth of recast layer, surface roughness and spark gap of brass wire will be provided. 
It was hoped that the findings could be used by industry practitioners to select the 
most suitable cutting parameter for tungsten carbide application to realize its 
economic potential to the fullest. It was expected that the mathematical models that 
were developed could help in predicting various responses such as surface roughness, 
recast layer, micro-crack and spark gap for any conditions within the scope of the 
study conducted by the author.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
